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Abstract  10 
The spray drying of lulo was optimized by using the central composite design of the 11 
response surface methodology, to study the effect of inlet air temperature (120–180 °C), 12 
arabic gum concentration (0-10% w/w), and maltodextrin DE16.5-19.5 concentration (0-13 
10% w/w) on some product and process aspects. Arabic gum and maltodextrin, more than 14 
inlet air temperature, improved the product yield, reduced the hygroscopicity and the water 15 
content of the obtained powder, and contributed to the retention of its nutritive and 16 
functional properties through an increase in ascorbic acid, vitamin C, total phenol and total 17 
flavonoid content and antioxidant capacity. Significant (p<0.05) response surface models 18 
were obtained in every case, with the linear terms of solute concentration being the factors 19 
that affected the response variables most significantly. The overall optimum spray drying 20 
conditions for obtaining lulo powder were 125 °C inlet air temperature, 3% (w/w) arabic 21 
gum, and 13.4% (w/w) maltodextrin DE16.5-19.5. 22 
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 26 
1. Introduction 27 
Lulo (Solanum quitoense L.) is cultivated on a very small scale and, in local areas, it is put 28 
to traditional uses due to its highly nutritive value and/or medicinal properties [1]. Lulo, also 29 
known as “naranjilla” belongs to the huge Solanaceae family [2]. This 1-2.5 m high 30 
shrubby perennial is native to the Andes. The geographical distribution of Solanum 31 
quitoense stretches from Venezuela to Peru. It is generally cultivated at a height of 32 
between 1,000 and 1,900 m above sea level [3, 4]. The naranjilla plant produces a 33 
spherical fruit with a diameter that ranges from 3 to 8 cm [5]. The skin (exocarp) is orange 34 
and it is usually covered with short, prickly, stiff hairs (or “spines”) that easily rub off. The 35 
skin is peeled and discarded in food preparation. The fruit’s internal structure is similar to 36 
that of the tomato: the yellow-green flesh (mesocarp and endocarp) forms four 37 
compartments separated by membranous partitions and filled with translucent green or 38 
yellowish pulp, very juicy and acid [6]. The naranjilla fruit is rarely eaten fresh mainly due 39 
to its acidity, but is most commonly used to make flavored drinks, preserves and desserts. 40 
The fresh juice is also processed into frozen concentrates and can be fermented to make 41 
wine [5, 6]. The fruit appears to have considerable nutritional potential due to its high 42 
content in vitamins, proteins and minerals [6, 7]. 43 
Spray drying is a well-established and widely used method for transforming a wide range 44 
of liquid food products into powder form. The process involves spraying finely atomized 45 
solutions into a chamber where hot dry air rapidly evaporates the solution leaving the 46 
spray-dried particles. Spray-dried powders can be stored at room temperature for 47 
prolonged periods without compromising the powder’s stability [8]. Powders are cheaper to 48 
transport and easier to handle in manufacturing plants. Spray-dried powders are 49 
economical to produce compared to other processes, such as freeze-drying [9]. Spray 50 
drying has many applications, particularly in the food, pharmaceutical and agrochemical 51 
industries [10-13]. The conversion of high value food materials, such as fruit and vegetable 52 
extracts, into particulate form is not easy due to the presence of a high proportion of low 53 
molecular weight sugars in their composition [13], which lead to the problem of  stickiness 54 
[14, 15]. The particles stick to one another, to the dryer and to cyclone walls and remain 55 
there, forming thick wall deposits, while very little product comes out at the dryer’s exit. 56 
This might lead to low product yield and operating problems [10, 16]. In general, the 57 
stickiness causes considerable economic loss and limits the application of spray drying on 58 
foods as well as on pharmaceutical materials [11, 17]. In order to reduce stickiness, 59 
different solutes have been used as carriers and coating agents for the spray drying [18-60 
23]. Some examples of these are arabic gum, maltodextrins, starches, gelatin, methyl 61 
cellulose, gum tragacanth, alginates, pectin, silicon dioxide, tricalcium phosphate, glycerol 62 
monostearate and mixtures of some of them. Of these additives, maltodextrin offers a 63 
good compromise between cost and effectiveness. It has been found that it contributes to 64 
the retention of some food properties, such as nutrients, colour and flavour, during spray 65 
drying and storage [14]. There are numerous reports on the spray drying of different fruits 66 
with maltodextrin: aril fruit [24], cactus pear [14, 25, 26], watermelon [27], black carrot [28], 67 
pineapple [29] and mango [30]. Nevertheless, arabic gum has been proved to be more 68 
effective than maltodextrin at improving the handling of the borojó powder [31]. On the 69 
other hand, the feed flow rate, the inlet and outlet air temperatures, atomizer speed, feed 70 
concentration, feed temperature and inlet air flow rate are important factors that have to be 71 
controlled in a spray drying process [32]. Among them, the inlet and/or outlet air 72 
temperatures are the most effective factors in spray drying to be optimized [33]. The aim of 73 
this work was to optimize the spray drying conditions of lulo (Solanum quitoense L.) pulp in 74 
order to favour the process yield and to produce a stable powder with high nutritional and 75 
functional values. The inlet air temperature and maltodextrin and arabic gum concentration 76 
were considered as the process variables. 77 
 78 
2. Materials and methods 79 
 80 
2.1. Raw material 81 
This study was carried out with frozen lulo (Solanum quitoense L.) pulp supplied by Jota 82 
Jota Alimentos Global S.L. (Valencia, Spain). Maltodextrin DE16.5-19.5 (MD) and arabic 83 
gum (AG) added to the pulp were purchased from Sigma-Aldrich (USA).  84 
 85 
2.2. Preparation of feed mixture and spray drying conditions 86 
The frozen lulo pulp was thawed and mixed with a water solution containing MD and/or 87 
AG. Solutes were added according to the generated experimental designobtained from the 88 
response surface methodology (RSM) (Table 1) and commented on below. To incorporate 89 
the solutes, a solution in water was previously prepared. The amount of each one of these 90 
solutions was 200 g, which were added to 200 g of lulo pulp. ºBrix of lulo pulp and the 91 
mixture with the solute solution were measured. The mixture was stirred for 30 min until 92 
homogeneity was reached. After that, ºBrix were measured with a refractometer at 20 ºC 93 
(Zeiss, ATAGO model NAR-3T, Japan), it was fed into a Büchi B-290 (Switzerland) mini 94 
spray dryer with the following operating conditions: aspirator rate 90% (35 m3/h); 95 
atomisation air rotameter 40 mm (473 L/h) with a co-current flow; pump rate 30% (9 96 
mL/min). Drying air inlet temperature was varied according to experimental design (Table 97 
1). After the completion of the experiment and when the air inlet temperature fell below 50 98 
ºC, the samples were collected from the product collection vessel. 99 
 100 
2.3. Experimental Design 101 
For this study, RSM was used to evaluate the effect of three process independent 102 
variables on eleven response variables mainly related to the profitability of the process and 103 
the quality of the powder. As independent variables, the inlet air temperature (x1, 120– 180 104 
°C) and the concentration of arabic gum (x2, 0-10 g AG/100g lulo pulp) and maltodextrin 105 
(DE16.5-19.5) (x3, 0-10 g MD/100g lulo pulp) were selected. The response variables taken 106 
into consideration were those of  outlet temperature (Y1), product yield (Y2), drying ratio 107 
(Y3), productivity (Y4), water content (Y5), hygroscopicity (Y6), ascorbic acid content (Y7), 108 
vitamin C content (Y8), phenolic content (Y9), flavonoid content (Y10) and antioxidant 109 
capacity (Y11) of spray-dried lulo powder. Twenty-three experimental runs were generated 110 
based on the corresponding rotatable and orthogonal central composite design (Table 1). 111 
The experiments were randomized. 112 
 113 
2.4. Analysis of response variables  114 
Y2 was defined as the ratio of the mass of solutes present in the lulo powder obtained at 115 
the end of each spray drying period, to the mass of solutes present in the mixture prior to 116 
spray drying [34]. Y3 and Y4 were calculated for spray drying by using Cai and Corke [35] 117 
but with a slight modification. The drying ratio and the productivity (g/h) were calculated by 118 
equations (1) (powder solid content / feed solid content) and (2), respectively.  119 
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where Fr is the feed rate (g/h), calculated from the mass of mixture feed (g) and the 125 
process time (h).  126 
The mass fraction of water (g/100g) was obtained by vacuum drying the samples in a 127 
vacuum oven (Vaciotem, J.P. Selecta, Spain) at 60 ºC ± 1 ºC under a pressure of <100 128 
mm Hg until constant weight. For hygroscopicity [35], samples (about 2 g in a Petri dish) of 129 
each powder were placed at 25 °C in an airtight plastic container containing a Na2SO4 130 
saturated solution (81% RH) at the bottom. After one week, each sample was weighed and 131 
hygroscopicity was expressed as g of water gained per 100 g dry solids. 132 
Ascorbic acid (AA) and total vitamin C (ascorbic + dehydroascorbic acids) were 133 
determined by HPLC (Jasco, Italy). To determine the ascorbic acid, a 1 g sample was 134 
extracted with 9 mL 0.1% oxalic acid for 3 min [36] and immediately filtered through a 0.45 135 
m membrane filter before injection. The procedure employed to determine total vitamin C 136 
was the reduction of dehydroascorbic acid to ascorbic acid, using DL-dithiothreitol as the 137 
reductant reagent [37]. A 0.5 mL aliquot sample was taken to react with 2 mL of a 20 g/L 138 
dithiothreitol solution for 2 h at room temperature and in darkness. Afterwards, the same 139 
procedure as that used for the ascorbic acid method was performed. The HPLC conditions 140 
were: Ultrabase-C18, 5 m (4.6x250 mm) column (Análisis Vínicos, Spain); mobile phase 141 
0.1 % oxalic acid, volume injection 20 L, flow rate 1mL/min, detection at 243 nm and at 142 
25 ºC. AA standard solution (Panreac, Spain) was prepared. 143 
The total quantity of phenols (TP) was analysed by using the method reported by Benzie & 144 
Strain [38] based on the Folin-Ciocalteu method, which involves the reduction of the 145 
reagent by phenolic compounds with the concomitant formation of a blue complex. Total 146 
flavonoids (TF) were measured spectrophotometrically, following the method described by 147 
Djeridane et al., [39] based on the formation of a flavonoids-aluminium complex. For the 148 
extraction of TP and TF, 35 g of the sample were homogenized (T25D Ultra-turrax, IKA, 149 
Germany) for 5 min with 40 mL of methanol, 10 mL of HCl (6 N) and NaF (2 mM) to 150 
prevent phenolic degradation caused by polyphenol oxidase action; the homogenate was 151 
centrifuged at 10,000 rpm, 10 min, 4 ºC. For TP quantification, 15 mL of distilled water and 152 
1.25 mL of Folin Ciocalteu reagent (Sigma-Aldrich, Germany) were added to 250 L of the 153 
supernatant. The samples were mixed and allowed to stand for 8 min in darkness before 154 
3.75 mL of 7.5 % sodium carbonate aqueous solution was added. Water was added to 155 
adjust the final volume to 25 mL. Samples were allowed to stand for 2 h at room 156 
temperature before absorbance was measured at 765 nm in a UV-visible 157 
spectrophotometer (Thermo Electron Corporation, USA). The total phenolic content was 158 
expressed as mg of gallic acid equivalents (GAE) per gram of sample, using a standard 159 
curve range of 0-800 mg of gallic acid (Sigma-Aldrich, Germany)/mL. For TF 160 
quantification, 1 mL of the extract was mixed with 1 mL of 20g/L AlCl3 methanolic solution. 161 
After incubation at room temperature for 30 min in darkness, the absorbance of the 162 
reaction mixture was measured at 430 nm using the aforementioned spectrophotometer. 163 
The total content in flavonoids was expressed as mg of rutin equivalents (RE) per gram of 164 
sample, using a standard curve range of 0-50 mg of rutin (Sigma-Aldrich, Germany)/L. 165 
Antioxidant capacity (AOC) was assessed using the free radical scavenging activity of the 166 
samples evaluated with the stable radical DPPH [37]. Briefly, the samples were 167 
homogenized and centrifuged (Selecta Medifriger-BL, Spain) at 10,000 rpm for 10 min at 4 168 
°C. 0.1 mL of supernatant diluted in methanol was added to 3.9 mL of DPPH diluted in 169 
methanol (0.030 g/L, Sigma-Aldrich, Germany). At 25 ºC, the same spectrophotometer 170 
mentioned before was used to measure the absorbance at 515 nm at 0.25 min intervals 171 
until the reaction reached the steady state. Appropriately diluted samples were used on 172 
the day of preparation. The percentage of DPPH was calculated following equation (3): 173 
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where Acontrol is the absorbance of the control (initial time) and Asample the absorbance of the 175 
sample at the steady state. 176 
The final results were expressed as milimole trolox equivalents (TE) per 100 grams (mmol 177 
TE/100 g) using a trolox calibration curve in the range 6.25-150 mM (Sigma-Aldrich, 178 
Germany). 179 
Every analysis of the Y5 to Y11 variables was carried out in triplicate. To characterize the 180 
lulo pulp, the results of Y7 to Y11 were referred to 100 g of lulo pulp, while for the statistical 181 
study, all of them were expressed as mg of each compound/100 g total lulo solids (TLS).  182 
2.5. Statistical analysis 183 
An analysis of variance and a regression surface analysis were conducted to fit a 184 
regression relationship relating the experimental data to the independent variables. The 185 
generalized polynomial model proposed for the prediction of the response variables as a 186 
function of the independent variables was that given by equation (4): 187 
Yi = 0 + 1x1 + 2x2 + 3x3 + 11x
2
1 + 22x
2
2 + 33x
2
3 + 12x1x2 + 13x1x3 + 23x2x3                     (4) 188 
where Yi was the response value predicted by the model; 0 was a constant; 1, 2, and 3 189 
were the regression coefficients for the linear effects; 11, 22, and 33 were those for the 190 
quadratic effects; and 12, 13, and 23 were those which included interaction effects. In this 191 
model, x1, x2, and x3 were the independent variables. Only the model terms found to be 192 
statistically significant (p<0.05) were included in the final reduced model. The terms which 193 
were statistically non-significant (p>0.05) were dropped from the initial models, and the 194 
experimental data were refitted only to the significant (p<0.05) independent variable effects 195 
to obtain the final reduced model [40]. The fact that none of the selected final models 196 
provided a significant lack of fit (p>0.05) confirmed the suitability of the fitted model and 197 
the non-significance of the Durbin-Watson statistic proved that there was no significant 198 
autocorrelation in the residuals. The goodness of the fit of the final reduced models to the 199 
experimental data was evaluated from the adjusted coefficient of determination (R2adj) and 200 
the standard error (SE) between the predicted and experimental values. 201 
In the present study, for multiple response optimization, a response optimizer was used to 202 
determine the combination of input variable settings that jointly optimized the response of 203 
a set of variables. Through this optimization procedure, a combined level of the considered 204 
spray drying independent variables was obtained to produce a spray-dried powder with the 205 
most desirable powder properties (i.e., the highest content of ascorbic acid, vitamin C, 206 
phenols flavonoids, the greatest antioxidant capacity, product yield and productivity and 207 
the lowest outlet temperature, drying ratio, water content and hygroscopicity value).  208 
The correlation between the antioxidant activity and every studied bioactive component 209 
with a 95% significance level was also analysed.  210 
All statistical analyses were performed using Statgraphics Plus 5.1 [41]. 211 
 212 
3. Results and Discussion 213 
3.1. Lulo (Solanum quitoense L.) pulp characterization 214 
The mean values (with standard deviation in brackets) of pH, ºBrix and water content of 215 
lulo pulp were 3.29 (0.02), 8.5 (0.2) and 90.3 (1.2) g/100g, respectively. The soluble solids 216 
consist of about 7.5 g sugars/100g lulo pulp and 1g organic acids /100 g lulo pulp (data not 217 
shown). The non-dissolved material (1.2 %) is expected to be non-soluble carbohydrates 218 
and some lipids. The total phenol content was 81.1 (1.6) mg GAE/ 100 g lulo pulp. Within 219 
the group of phenolic compounds, the total flavonoid content in lulo pulp was 16.16 (0.06) 220 
mg RE / 100g. The vitamin C content was 120 (4) mg /100g and the value for ascorbic 221 
acid was 61.4 (1.5) mg/100g). These results coincide with the values obtained for 222 
naranjilla by other authors [1, 6, 42].  223 
 224 
3.2. Response Surface Model 225 
The experimental results obtained for each response variable is shown in Table 1. The 226 
final reduced models relating each response variable with the independent variables are 227 
shown in Table 2. The results indicated the significance (p<0.05) of the response surface 228 
model, with high coefficients of determination values ranging from 0.74 to 0.97. Thus, 229 
more than 74% of the response variation may be accurately explained as a function of the 230 
three independent spray drying variables selected. The adequacy of the response surface 231 
equation was checked by the comparison of experimental and predicted values (data not 232 
shown).  233 
The outlet temperature ranged between 67 to 119 ºC and it was mainly affected (p<0.05) 234 
by the inlet temperature with a positive linear and a negative quadratic effect. Moreover, a 235 
negative quadratic effect of maltodextrin concentration on Y1 was observed (Table 2). If 236 
the results of Y1 are observed (Table 1), it may be seen that the lower the inlet 237 
temperature, the lower the outlet temperature. Lulo pulp contains sugars, which make the 238 
spray drying process difficult, mainly due to the basic physical characteristics of the low 239 
molecular weight sugars present in fruits, essentially sucrose, glucose and fructose. 240 
Moreover, the presence of organic acids, such as tartaric, malic, and citric acid, also 241 
contributes to the problem of stickiness in the powder [10]. In this work, it was extremely 242 
difficult to obtain powder at the exit of the dryer in samples without added high molecular 243 
weight solutes and large deposits were formed on the main chamber and cyclone walls. 244 
For example, Table 1 shows the lower/lowest values of product yield for these samples 245 
(runs 3 and 14). The addition of high molecular weight solutes, such as arabic gum and 246 
maltodextrin, prior to spray drying was necessary in order to obtain powders. Y2 was 247 
positively affected by the concentration of arabic gum and maltodextrin. Despite there 248 
being a negative quadratic effect of these solutes and of their interaction, an increase in 249 
the solute concentration in lulo pulp improved the product yield in spray drying. 250 
The drying ratio decreased linearly when the concentration of any of the added solutes 251 
rose, while the productivity mainly increased when there was a rise in the concentration of 252 
arabic gum. 253 
Generally, food powders with lower hygroscopicity and water content are considered a 254 
good powdered product. Goula and Adamopoulos [43] suggested that adding maltodextrin 255 
decreased powder hygroscopicity. In the present study, the hygroscopicity values of spray-256 
dried lulo powders showed values between 80 and 114%, which decreased to 35–60% 257 
when the considered solutes were added (Table 1). The hygroscopicity of lulo powder was 258 
decreased (p<0.05) due to an increase in the concentration of both arabic gum and 259 
maltodextrin (Table 2). The lower degree of hygroscopicity of lulo powders when the 260 
solutes were added could be related to the less hygroscopic nature of maltodextrin and 261 
arabic gum. Similar observations were reported by other researchers [14, 22, 31, 35, 44]. 262 
In general, the hygroscopicity values of samples with solutes were similar to those 263 
obtained by Rodriguez-Hernandez et al. [14] and Cai and Corke [35] in their studies on 264 
spray-dried cactus pear juice powder (36–49%) and spray-dried Amaranthus powder (45–265 
50%), respectively. The inlet air temperature also influenced the hygroscopicity of the 266 
powder. Increasing the inlet temperature led to a lower degree of powder hygroscopicity. A 267 
similar observation was reported by Goula and Adamopoulos [43, 44]; Moreira et al. [45], 268 
and Jaya and Das [22]. However, in the final model, this factor had a less significant effect   269 
than the incorporation of solutes (Table 2). Moreira et al. [45] reported that the higher 270 
degree of hygroscopicity of the powders produced at lower temperatures seems to be 271 
related to their higher water content. Water content has a prominent effect on powder 272 
stability. 273 
The water content of spray-dried lulo powders varied from 0.9% to 7%. As shown in Table 274 
1, the higher the inlet air temperature and arabic gum/maltodextrin concentration, the 275 
lower the water content of the spray-dried lulo powder. At higher inlet air temperatures, 276 
there was a greater temperature gradient between the atomized feed and the drying air, 277 
resulting in a higher rate of heat transfer for water evaporation, thus producing low-water 278 
powders [23, 44]. The highest water content presented in Table 1 corresponds to lulo 279 
without added solutes and spray-dried at lower inlet temperatures. The inlet temperature 280 
effect was  observed by León-Martínez et al. [46]; Kha et al. [24]; Quek et al. [27]; Ersus 281 
and Yurdagel [28]; Rodríguez-Hernández et al. [14]; Chegini and Ghobadian [32]; Goula et 282 
al. [47]; Cai and Corke [35] working with spray-dried nopal mucilage powder, gac fruit 283 
powder, watermelon powder, black carrot powder, cactus pear juice powder, orange juice 284 
powder, tomato powder, and amaranthus pigment powder, respectively. The water content 285 
of lulo powder exhibited an inverse relationship with increasing arabic gum/maltodextrin 286 
concentration, which was also reported by other authors [14, 22, 31, 35, 44]. Both the 287 
water content and the hygroscopicity showed a positive interaction between both of the 288 
solutes considered in the final model (table 2). 289 
Maltodextrins and gums are also added during the production of food powders in order to 290 
act as encapsulating or wall materials, contributing to keep the desired functional 291 
properties in the finished product, such as stability against oxidation, ease of handling, 292 
improved solubility, controlled release, and extended shelf-life [47, 48]. According to Qi 293 
and Xu [49], high-DE maltodextrins show high reducing capacity, providing protection 294 
against oxidation. The ability of maltodextrins to protect encapsulated products against 295 
oxidation is attributed to their film-forming capacity and plastic properties, being also 296 
largely used as wall materials due to a good compromise between cost and effectiveness, 297 
being bland in flavor, and having a low viscosity at a high solid ratio. On the other hand, 298 
arabic gum is the gum which is most commonly used as a flavour encapsulating material, 299 
mainly due to its solubility, low viscosity, emulsification characteristics, and its good 300 
retention of volatile compounds [50-52]. Reinnecius [53] found that combinations of 301 
maltodextrin with arabic gum provided good protection against the oxidation of 302 
encapsulated aromas. In Table 1, it can be observed that samples with no  solutes added  303 
to feed prior to spray drying (runs 3 and 14) showed the lowest values of bioactive 304 
compounds (Y7, Y8, Y9, Y10 and Y11). High weight molecular solutes reduced the powder’s 305 
stickiness and helped the retention of nutritive and functional properties. Moreover, in 306 
samples 3 and 14 there was a significant (p<0.05) decrease in the functional value when 307 
the inlet temperature during spray drying was increased (Table 1). Quek et al. [27] 308 
reported that the spray drying of watermelon juice at over  165 °C led to inferior products 309 
due to nutrient loss, and spray drying at temperatures of over  180 °C were not suitable for 310 
Amaranthus betacyanins pigments [35]. 311 
When high molecular weight solutes were added to lulo pulp prior to spray drying, a 312 
temperature effect was also observed. For example,  when spray drying of samples with 313 
5% arabic gum and 5% maltodextrin was carried out at 200 ºC, a greater loss of bioactive 314 
compounds was observed as compared to those spray-dried at 150 or 100 ºC (Table 1). In 315 
general, every studied bioactive compound and antioxidant capacity (Y7, Y8, Y9, Y10, Y11) 316 
was positively affected by an increase in solute concentration and a decrease in inlet 317 
temperature (Table 2). 318 
Pearson's statistical correlation analysis was used to establish correlations between the 319 
antioxidant capacity and the studied bioactive compounds. The obtained results showed 320 
that the most significant contribution to antioxidant capacity was provided by total flavonoid 321 
content (0.7762, p<0.05), followed by total phenol content (0.7204, p<0.05), ascorbic acid 322 
(0.6980, p<0.05) and vitamin C (0.6359, p<0.05). In apricot [54] and grapefruit [55] the 323 
most significant contribution to antioxidant capacity was provided by total phenol.  324 
 325 
3.3 Optimization procedure for predicting an optimum spray-dried lulo pulp 326 
Spray-dried lulo powder could be considered an optimum product if the criteria applied to 327 
achieve the  optimization resulted in (1) the highest ascorbic acid, vitamin C, total phenol 328 
and total flavonoid content and antioxidant capacity, as well as the greatest product yield 329 
and productivity and (2) the lowest outlet temperature, drying ratio, water content and 330 
hygroscopicity. Multiple response optimization suggested that the optimal conditions for 331 
producing the best spray-dried lulo powder were reached by combining an inlet air 332 
temperature of 125 °C, 3% arabic gum, and 13.4% maltodextrin DE16.5-19.5. Under these 333 
optimum conditions, the predicted responses for the obtained powder are: ascorbic acid = 334 
225 mg/100g lulo pulp solids, vitamin C = 444 mg/100g lulo pulp solids, total phenols = 957 335 
mg/100g lulo pulp solids, total flavonoids = 128 mg/100g lulo pulp solids, antioxidant 336 
capacity = 115 mg/100g lulo pulp solids, product yield = 35 %, productivity = 51 g/h, outlet 337 
temperature = 78.6 ºC, drying ratio = 7, water content = 2.2 g water/100g and 338 
hygroscopicity = 54 g/100g. 339 
 340 
4. Conclusion 341 
The optimization of the spray drying conditions for the lulo pulp was successfully executed 342 
using the central composite design of the RSM. The optimum powder was the one with a 343 
high nutritive and functional value, low hygroscopicity and low water content. Significant 344 
empirical equations (R2>0.74) have been developed for describing and predicting the 345 
variation of each response variable studied. The concentrations of arabic gum and 346 
maltodextrin were the factors that most significantly (p<0.05) contributed to the increase in 347 
the product yield and the decrease in both the hygroscopicity and the water content in 348 
powder. These solutes also contributed to retain the nutritive and functional properties of 349 
the fruit. The inlet temperature had the mildest effect on these variables. The multiple 350 
response optimization predicted that the use of an inlet air temperature of 125 °C, 3% 351 
arabic gum, and 13.4% maltodextrin DE16.5-19.5 provided the overall optimum 352 
parameters for the spray drying of the lulo pulp. 353 
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Highlights  
 Spray-drying lulo optimization according to inlet air temperature and solutes 
 
 High nutritive and functional value, and lowest hygroscopicity and water content 
 
 125°C, 3% arabic gum and 13.4% maltodextrin were found to be the optimum 
conditions 
 
 Inlet temperature had the lesser effect on the studied variables 
 
 Solutes promoted fruit bioactive compounds retention during spray-drying  
 
 
 
 
*Highlights (for review)
Table 1. Matrix of the central composite design (xi: independent variables) and experimental data obtained for the response variables studied (Yj) 
 
Run x1 x2 x3 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 
1 150 5 5 100 32 10 37 3 48 227 325 881 125 99 
2 150 5 5 97 42 10 38 4 40 223 319 881 131 100 
3 180 0 0 106 0.4 21 18 4 114 31 37 366 61 47 
4 150 5 5 101 34 10 37 3 35 234 366 924 124 100 
5 150 5 5 97 42 10 38 4 40 226 342 948 125 100 
6 180 10 10 108 35 7 61 0.9 47 215 358 813 120 85 
7 150 5 5 95 38 10 38 2 38 216 371 825 131 97 
8 150 5 5 98 42 10 38 4 39 223 378 860 125 101 
9 120 10 0 77 34 10 38 2 56 181 413 661 88 100 
10 150 0 5 91 20 14 27 4 55 186 362 848 100 71 
11 150 13.4 5 95 32 7 53 1.3 44 243 405 855 119 94 
12 200 5 5 115 34 10 36 2 60 193 354 744 91 76 
13 180 0 10 119 16 10 37 2 52 197 381 861 118 94 
14 120 0 0 77 9 21 19 7 82 41 48 644 87 71 
15 120 10 10 78 29 7 59 2 51 229 413 933 136 147 
16 100 5 5 67 27 10 37 4 56 205 362 819 113 97 
17 150 5 5 101 34 10 37 3 35 231 374 949 124 99 
18 180 10 0 106 42 10 37 2 50 175 370 814 101 95 
19 150 5 5 100 32 10 37 3 48 220 316 930 126 99 
20 150 5 0 95 19 14 28 5 52 152 355 700 90 72 
21 120 0 10 82 36 10 37 3 50 211 415 994 120 101 
22 150 5 13.4 93 30 7 55 1 44 242 412 890 128 92 
23 150 5 5 98 42 10 38 4 39 222 381 925 131 101 
 
 
Y1 to Y11: response variables of outlet temperature (ºC), product yield (g solutes in the powder/ 100 g solutes in the mixture), drying ratio (powder solid content/ 
feed solid content), productivity (g/h), water content (g/100g), hygroscopicity (g water gain /100 dry solids), ascorbic acid content (g/100gTLS), vitamin C content 
(g/100gTLS), total phenolic content (g GAE/100gTLS), total flavonoid content (g RE/100gTLS) and antioxidant capacity (mmol TE/100gTLS), respectively. 
x1, x2 and x3 independent variable of inlet temperature (ºC), arabic gum (g/ 100 g pulp) and maltodextrin (g/ 100 g pulp), respectively. 
Table 1
Table 2. Regression coefficients and adjusted R
2
 for the final reduced models 
 
 
bi: the estimated regression coefficient for the main linear effects. b
2
i: the estimated regression coefficient for the quadratic effects. bij: the estimated 
regression coefficient for the interaction effects. i=1: Inlet temperature; i=2: Arabic gum; i=3: Maltodextrin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Regression Outlet temperature Product yield 
Drying 
ratio 
Productivity Water content Hygroscopicity Ascorbic acid Vitamin C 
Total 
phenols 
Total 
flavonoids 
Antioxidant capacity 
coefficient (Y1) (Y2) (Y3) (Y4) (Y5) (Y6) (Y7) (Y8) (Y9) (Y10) (Y11) 
Constant            
b0 -38.0119 2.8869 18.2515 35.2978 9.1564 197.272 -259.489 114.781 -16.8269 -67.0776 118.474 
Linear            
b1 1.3052  -  0.0169 -0.1134 -0.0238 -1.3052 4.1687  -  11.3169 2.1885 -0.3275 
b2  -  5.3933 -1.3506 1.63101 -0.3105 -7.324 21.9153 30.9427 -41.1455 4.5094 2.3135 
b3  -  5.1108 -1.0779 -0.9649 -0.2861 -7.217 29.0628 31.7247 75.6376 7.2362 2.2676 
Square            
b
2
1 -0.0028  -   -   -   -  0.0042 -0.0138  -  -0.048 -0.0079  -  
b
2
2  -  -0.1942 0.0286  -   -  0.3352 -0.7902  -   -  -0.2674  -  
b
2
3 -0.0771 -0.1996 0.0389  -   -  0.2567 -1.2078  -  -3.3875 -0.3537  -  
Interactions           
b12  -  -   -   -   -   -    -  0.37  -   -  
b13  -  -  -0.0034 0.0227  -   -    -   -   -   -  
b23  - -0.3815 0.0905  -  0.0188 0.4516 -1.2438 -3.6147 -2.8702  -   -  
R
2
 adj 0.96 0.776 0.97 0.866 0.801 0.837 0.971 0.756 0.792 0.852 0.744 
Table 2
 
 
